region of mitochondrial DNA, but the marker was effective only on a limited range of cultivars.
In recent years, numerous SNP-based markers have been developed from expressed sequence tags (ESTs), 8) and EST-PCR markers of plants have been reported. [9] [10] [11] [12] In this study, we developed a Chunpoong specific marker based on major latex-like protein (MLP-like) ESTs. Major latex-like proteins are present exclusively in latex 13, 14) and represent very good markers to investigate the regulation of the expression of laticifer-specific genes. 14) The aim of the present study was to develop Insertion/deletion (InDel)/SNP markers of Chunpoong in the downstream region of the MLP-like gene based on PCR, and to apply real-time PCR for raising the efficiency of the assay.
MATERIALS AND METHODS

Plant Materials
All fresh ginseng leaves and dry roots were obtained from the Ginseng Genetic Resource Bank (Kyung Hee University, Korea). We used P. ginseng cultivars ('Chunpoong,' 'Yunpoong,' 'Gopoong,' 'Gumpoong,' 'Sunpoong,' 'Sunwon,' 'Sunweon,' 'Sunhyang,' 'Chungsun,' 'Mimaki') and several varieties ('Hwangsook,' 'Ermaya,' 'Damaya,' 'Biantiaoshen'), as well as P. quinquefolius and hybrid F1 (P. ginseng and P. quinquefolius).
DNA Extraction and PCR Amplification Total DNA was extracted from fresh leaves and roots using a Plant DNA isolation SV mini Kit (GeneAll, Korea). Specific primers were designed from MLP151 (EU939308.1) sequence. The PCR amplifications were performed in a Corbett PCR (Corbett Research, Sydney, Australia. Model: CG1-96). Each PCR was carried out in a total volume of 20 ml, containing , Quantace Ltd., Australia), and 0.4 ml EvaGreen, Tris ethylenediaminetetraacetic acid (TE) buffer in a total volume of 10 ml. The following PCR cycle profile was as follows: 10 min at 95°C, followed by 40 cycles of a three-step thermal profile involving 15 s at 95°C for denaturation and 20 s at 60°C for combined annealing, as well as 10 s at 72°C for extension (The Green channel setting 'On'). The melt analysis conditions consisted of a ramp from 65°C to 85°C, rising by 0.1°C at each step.
DNA Walking Adapter PCR was used to find the unknown sequences up-and downstream of MLP151 gene using a GenomeWalker Kit (Clontech Laboratories, Inc., Palo Alto, CA, U.S.A.). Genomic DNA was digested completely with two restriction enzymes, EcoRV and PvuII. The two enzymes produced blunt-end DNA fragments. Each batch of digested genomic DNA fragments was ligated with an adapter to create genomic libraries. Restriction enzymedigested DNA fragments were ligated with adapters. The adapter-ligated genomic DNA fragments were used as templates to amplify the unknown DNA sequences. In the first cycle of PCR, DNA was amplified by the primer complementary to the DNA sequence. To increase the sensitivity, amplification product was used as nested PCR.
Sequencing of the PCR Products The PCR products were purified to remove primers and primer dimers using a PCR SV Kit (GeneAll, Korea). The amplified fragments of interest were excised from the 2% agarose gel and purified using an Agarose Gel DNA extraction kit (GeneAll, Korea). The fragments were then cloned into a pGEM-T Easy Vector System (Promega, U.S.A.) and transformed into Escherichia coli XL1-Blue cells. The plasmids were purified with a Plasmid SV mini kit (GeneAll, Korea). Sequencing was performed by Genotech Co., Ltd. (Genotech, Korea) (http://www. genotech.co.kr).
Computer Analysis Data on a total of 3706 ESTs (DC03, 4-year-old Chunpoong root ESTs) were obtained from the Ginseng Genetic Resource Bank (Kyung Hee University, Korea). An analysis chromatogram of clone sequences was produced using SeqManII, and the clustering sequences were generated using the Kalign 2.0 program (www.ebi.ac.uk/Tools/ kalign/index.html). In addition, we used BioEdit 7.0 to confirm the local blast and assemble the ESTs to make contig using the CAP3 program. The PCR primers were designed using the Primer3 program (http://frodo.wi.mit.edu).
RESULTS
Developing Marker for Detection Chunpoong
In the ESTs of Chunpoong 4-year-old root, the MLP-like gene was expressed highly and divided into two groups, MLP31 and MLP28 (data not shown). To obtain more information about the MLP-like gene sequences, we confirmed DNA walking in the MLP151 gene downstream region (described in Materials and Methods). We discovered that one primer pair can differentiate Chunpoong from Gopoong at the 326 bp fragment (Fig. 1C) . The 326 bp fragment (named Chunpoong Positive Region-CPR, GQ979990) of Chunpoong was confirmed by cloning and sequencing. In the sequence, we found that the CPR has two regions (I and II) and 99% sequence similarity without InDels (Fig. 1B) . To obtain a more specific fragment, we designed primers mlpmRF/TSP2R between the I and II regions, and conducted PCR (Table 1) . Two fragments, 321 and 181 bp (GQ979992, GQ979991), were observed in Chunpoong, whereas two fragments, 321 and 682 bp (GQ979993, GQ979994), were observed in Gopoong (Fig. 1D) . The results showed the primer set mlpmRF/TSP2R was effective at identifying Chunpoong.
PCR Success Rate Comparison
To validate the marker, we conducted PCR among five cultivars and three Chinese cultivars ( Table 2 ). The results showed that Chunpoong was distinguished from all other cultivars (Fig. 1E) . Additionally, we identified Chunpoong in the 70 Panax samples based on a double-blind test ( Table 2 , No. 1-12). The 181 bp fragment was amplified only in the Chunpoong genotypes. The 321 bp fragment was amplified in all samples except P. quinquefolius (Fig. 2) . This result revealed 100% accuracy and reproducibility compared with the morphology and genotype in all ginseng samples. In addition, Chunpoong seeds and hybrid F1 were also correctly identified using the Chunpoong marker (Fig. 3, Table 2 , No. 1 and 13).
Application of Real-Time PCR All experiments used twelve different samples ( Table 2 , No. 1-12). Figure 4A shows that Chunpoong had only one major peak and the other cultivars had two peaks in melting curves with EvaGreen dye. The Chunpoong melting Tm was 76.75°C and the melting Tm of the other cultivars was 76.33 to 76.67°C. When viewed by agarose gel electrophoresis, a single fragment of 181 bp was amplified in Chunpoong, and 321 bp fragments were strongly amplified in the other cultivars (Fig.  4B) . Compared with PCR, P. quinquefolius was not amplified in real-time PCR because real-time PCR was limited to amplifying more than 400 bp fragments. In addition, only one major fragment was amplified in Chunpoong in real-time PCR because real-time PCR master mix reacted with a smaller major fragment first, and the DNA concentration was too low to amplify with both fragments. 15) For efficient detection of Chunpoong in real-time PCR, we designed an SNP marker (181F/TSP2R) by CPR region. After amplification with those primers, one fragment of 174 bp was observed in Chunpoong, and other cultivars were not amplified (Fig. 5 , Table  1 ). The melting curve result showed that Chunpoong was positive and almost all other samples were negative, but some samples started amplification from 42 cycles (Figs. 4C, D) . GGC TCG ATA TAT GTA CGT AC  mlpmRF  ATC AAT GGG CTC GAT ATA TG  TSP2R CCA CCT GCA CCA TAA GTG ACA A some of the intracellular pathogenesis-related (IPR) proteins, and the two proteins are indeed related. 16) In a previous study, MLP-like gene was applied by EST-derived marker in Rhododendron. 17) In a special CPR region, InDel and SNP markers were designed for identification of Chunpoong. The effect of InDel marker was revealed to be the same as multiplex-PCR due to the CPR specific region (Figs. 1A, B) . The major fragments of 181, 321, and 682 bp revealed marker specific bands of Chunpoong, P. ginseng, and P. quinquefolius, respectively. If using multiplex-PCR then at least four primers must be used, but our InDel marker uses only two primers. Using the characteristics of the InDel marker, we can identifd hybrid F1, which is cross-cultivated P. ginseng and P. quinquefolius. To obtain a more effective identification of hybrid F1, Hot-taq polymerase can be used to confirm PCR. Therefore, InDel marker is special and useful for identification Chunpoong, P.
quinquefolius, and hybrid F1.
Until now, the real-time PCR method has been successfully used for the detection of celery in food, 18) Phytophthora cryptogea on Gerbera jamesonii, 19) the age of wines, 20) and GM papayas 21) by melting curve analysis. Compared with normal PCR, real-time PCR assay is highly sensitive, specific, fast, and convenient since gel electrophoresis is not needed. The study presented here developed an SNP marker for easy identification of Chunpoong in real-time PCR using a melting curve method because all genotypes were amplified by InDel marker but only SNP marker was amplified in Chunpoong. Moreover, we used EvaGreen dye to do the melting curve assay because EvaGreen has wider linear ranges in quantitative analysis and better reproducibility in the separations of dsDNA fragments compared with SYBR Green I. 22) In ginseng molecular marker research, this is the first report on the application of an allele-specific marker in real-time PCR for assaying numerous samples.
For assaying large numbers of samples, the DNA extraction method used is extremely important because time and In this study, molecular markers were developed based on PCR and real-time PCR combined with MLP-like gene for detection of Chunpoong in ginseng samples. The results showed 100% sensitivity. The InDel marker will be better used to differentiate between cross-cultivated products of P. ginseng and P. quinquefolius, while the SNP marker will be better used to analyze a Chunpoong population or a plant breeding program based on real-time PCR.
